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(54) Process for removing noxious compounds 

(57) A process is described for removing noxious 
compounds such as hydrocarbons which may or may 
not contain halogen and/or may or may not be aromatic, 
from solids (soil), water or gas. according to which proc- 
ess the solid, the water or the gas is treated with a com- 
plex of a transition metal and an alkaline polyamine in 



the presence of a peroxide. The complex is, for exam- 
ple, a complex of iron chloride and 1 ,4,7-trimethyl-l ,4,7- 
triazonane. The peroxide is preferably electrochemically 
produced hydrogen peroxide. 
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Description 

The invention relates to a process for removing nox- 
ious compounds from the natural environment such as 
water, air or ground, from solids, water or gas. In partic- 5 
ular, the invention relates to a process for removing sub- 
stances such as hydrocarbons which may or may not 
contain other substituents, especially halogens, and/or 
may or may not be aromatic or heteroaromatic. Hydro- 
carbons are understood to comprise aliphatic, aJicyclic. id 
aromatic and heterocyclic compounds. Examples 
thereof are monocyclic aromatic hydrocarbons (ethyl- . 
benzene, xylenes and the like), polycycfic aromatic 
hydrocarbons, halogen-containing compounds (chlo- 
robenzenes, bromo-benzenes, polyhalogenated biphe- is 
nyls. polychlorodibenzodioxins, polychlorodibenzo- 
furans and the like), nitro compounds, lignin, organic 
dyes, especially aromatic or heteroaromatic dye com- 
pounds containing azo, amino, nitro, halo, and/or sulpho 
substituents. and further other aromatic compounds 20 
and other hydrocarbons, which may be volatile. In gen- 
eral, the compounds to be removed contain at least one 
carbon-hydrogen bond. 

The removal of such generally persistent noxious 
substances according to known methods is complicated 25 
and expensive, or else unsatisfactory, which is related, 
inter alia, to the poor degradability by standard biologi- 
cal systems. J. Agric. Food Chem. 41, 308-312 (1993) 
- discloses the break-down of undesirable organic com- 
pounds by means of complexes of iron and gallic acid, 30 
picolinic acid or rhodizonic acid. A similar treatment by 
means of iron complexes of phthalocyanines has been 
described in J. Chem. Soc. Chem. Comm. 1799 (1994). 

DE-A-2703267 discloses a process for removing 
phenols from waste water by treating the waste water 35 
with hydrogen peroxide and a complex of iron and EDTA 
(ethyl enediamine-tetraacetic acid) in an amount of 1 -2 g 
complex per I of water. The molar ratio of hydrogen per- 
oxide to Fe-EDTA complex is in the order of 3:1 to 70:1 , 
whereas the molar ratio of FE-EDTA complex to phenol 40 
is in the order of 1 :5 to 3:1 . A disadvantage of the known 
process is that relatively high levels of the Fe-EDTA 
complex are required. 

It has now been found that such persistent noxious 
compounds can be removed effectively by treating the as 
solid or soil, the water or the gas, respectively, which 
contain these compounds, with a complex of a transition 
metal and a polyamine in the presence of a peroxide. 

The transition metal in the complex to be employed 
according to the invention is preferably a metal that is so 
not particularly noxious to living organisms, in particular 
iron, manganese or cobalt. Most preference is given to 
iron. 

A polyamine. which forms a complex with the tran- 
sition metal, is understood to refer to compounds which 55 
comprise at least two amine nitrogen atoms, separated 
by at least two carbon atoms. Preferably, the 
polyamines comprise at least three nitrogen atoms 
which in each case are separated by two or more, in 
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particular two or three, more in particular two, carbon 
atoms. The remaining valencies of the nitrogen atoms 
are preferably bound with small alkyl groups, in particu- 
lar methyl, ft is also possible for the polyamines to have 
ether or alcohol functions. The polyamines can be linear 
or cyclic. The polyamines should be alkaline, i.e. should 
not contain acid functions. 

Examples of polyamines which can be employed 
are tetram ethyl ethyl en ediamine, perrtamethylcfi ethyl en- 
etriamine, 1 ,4-dimethytpiperazine, 1.4.7-trimethyl-1,4,7- 
triazonane. 1.4,7-trimethyl-1,4,7-triazecane, 1,4,7,10- 
tetramethyl-1 ,4,7,10-tetraazacyclododecane, 1 ,2-bis(4- 
methyl-1 -piperazinyl) ethane, 1 ,2-bis(4,7-dimethyi-1 ,4, 7- 
triazonan-1 -y1)ethane, and the corresponding com- 
pounds wherein one or more of the said methyl groups 
have been replaced by, for example, ethyl groups. It is 
also possible to use porphin and other porphyrins and 
corresponding macrocyclic polyamine compounds. 
Preference is given to compounds of the triazonane 
type and to amines whose remaining valencies are 
linked to methyl groups. 

The counterions required for neutrality of the com- 
plexes may be common non-toxic counterions such as 
oxide, halide, perchlorate, acetyl acetonate, and the 
like. 

The treatment with the transition metal complexes 
is carried out in the presence of a peroxide. The perox- 
ide may be an organic or inorganic peroxide, peracid, 
perester, or hydroperoxide, such as methyl hydroperox- 
ide, t-butyl hydroperoxide, cumyl hydroperoxide, or a 
percarbonate or a perborate. Most preferably, the perox- 
ide is hydrogen peroxide. The concentrations of hydro- 
gen peroxide and complex are chosen as a function of 
the concentration of noxious substances, the hydrogen 
peroxide being employed preferably in a molar excess 
with respect to the compounds to be broken down, and 
the metal complex" being employed in a catalytic 
amount. The molarratio between hydrogen peroxide 
and substances to be broken down can vary depending 
on the application intended. Said ratio can, for example, 
be up to 1000:1 and is preferably from 1 :1 to 100:1 . The 
molar ratio between metal complex and substances to 
be broken down can vary from, for example. 1:1000 to 
1 :10, preferably 1 :1000 to 1 :20. The rate of the break- 
down reaction is primarily determined by the amount of 
complex added. If rapid removal is unnecessary, a low 
concentration of complex is sufficient, e.g. 0.1-2 mmol/l. 
The molar ratio between transition metal complex and 
hydrogen peroxide can vary, as a result, from, for exam- 
ple, 1:10 to 1:100,000, in particular from 1:100 to 
1:10,000. 

The hydrogen peroxide can be added as such, as 
an aqueous solution by means of a pump, but it can also 
be produced in situ by an electrochemical route. In the 
case of noxious compounds being removed from water, 
the entire stream or, for example, a side stream of the 
water stream to be treated, can be passed through an 
electrochemical cell where hydrogen peroxide is 
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formed, whereafter said stream is passed back to the 
stream to be treated. 

The temperature with the treatment can vary 
between 0 and 100°C. The reaction proceeds most effi- 
ciently at a temperature of 40-90°C. The temperature 
optimum, for most complex systems, is around 70°C. 
The most suitable reaction temperature is chosen 
depending on the application. Thus it is possible, for 
purifying ground and surface water, to employ a temper- 
ature of 0-30°C. In the case of process and cooling 
water use can be made, advantageously, of the ele- 
vated temperature, and such streams are therefore 
preferably not cooled before the treatment according to 
the invention. The pH can vary over a wide range. Pref- 
erably the pH is neutral to slightly alkaline, for example 
between 6 and 1 1 . 

The process according to the invention can be 
employed for diverse purification processes. An impor- 
tant application is the removal of noxious compounds 
from water. This may involve, for example, waste water, 
process water, cooling water and ground water. In the 
case of waste water it is possible, after the treatment 
according to the invention, but in particular before the 
treatment according to the invention, for a further purifi- 
cation step to be carried out. If the waste water, for 
example, in addition to the persistent compounds also 
contains readily degradable organic compounds, the 
treatment according to the invention can be preceded 
by an aerobic or anaerobic biological purification. 

The process according to the invention for treating 
water streams may comprise dissolving the complex of 
the transition metal and the polyamine in the water 
stream, this then being a matter of a homogeneously 
catalysed reaction. This embodiment can be used, for 
example, for treating water streams which can be recir- 
culated, such as process water and cooling water, in 
other cases it will be preferable to carry out a heteroge- 
neous catalysis, i.e. to immobilise the complex of transi- 
tion metal and polyamine, so that the complex can 
readily be separated once more from the water stream 
and. after optional regeneration, can be reused. Immo- 
bilisation can be effected by, for example, coupling to 
granules or other support material which can be sepa- 
rated on the basis of particle size, density, magnetism 
and the like. Examples of such support material are 
activated carbon, Perlite®. magnetite and other polymer 
materials. Another advantageous embodiment of the 
process according to the invention is also the treatment 
in columns, the treatment column being packed with a 
complex of transition metal and polyamine, said com- 
plex being chemically or physically bound to a polymer 
resin. Resins suitable for the packing of such columns 
and means for coupling the polyamines to such resins 
are generally known. Said heterogeneous catalysis is 
suitable, in particular, for the purification of, for example, 
waste water and ground water, but also of cooling water 
and process water. 

When water is treated in the above-described man- 
ner, the organic compounds solubilised by the combina- 



tion of transition metaVpolyamine and hydrogen 
peroxide can be broken down further with the aid of suit- 
able microorganisms such as those occurring in acti- 
vated sludge. The microorganisms can be employed, for 

5 example, in the form of sludg e-on-support Anaerobic 
systems can likewise be employed in combination with 
the treatment according to the invention. 

The process according to the invention is also suit- 
able for the treatment of soils or dredgings contami- 

10 nated with persistent chemicals. Said purification can 
be carried out either in situ or ex situ. In the case of 
treatment in situ, a solution of the complex with hydro- 
gen peroxide is passed through the soil or through the 
material, in such a way that all soil particles come suffi- 

15 ciently into contact with the complex and the hydrogen 
peroxide. It is also possible to pass the complex through 
on its own, while hydrogen peroxide is formed electro- 
chemically in situ. Further breakdown is effected, for 
example, by means of microorganisms which may be 

20 present in the soil, or may, if required, be added. It is 
also possible for the contaminated soil, in situ or ex situ, 
to be extracted with a suitable solvent, for example 
water which may or may not be combined with an auxil- 
iary solvent such as a surfactant, and the extract then to 

25 be treated with a complex of transition metal and 
polyamine and hydrogen peroxide, possibly at the same 
time as or followed by a treatment with microorganisms. 

A variation on the treatment of contaminated soil is 
the treatment of solid waste. This, according to the 

30 invention, can be done in the same manner, for example 
by a solution of the active compounds being passed 
through, or by extraction followed by treatment of the 
extract. Types of solid waste which can be treated in this 
manner according to the invention are, for example, 

35 vegetable waste, fruit waste and garden waste, from 
which ligneous compounds and other contaminating 
organic substances can be removed, agricultural waste 
and industrial waste. As a result of the removal of the 
ligneous substances, the waste becomes amenable to 

40 further solubilisation with the aid of microorganisms 
and/or enzymes or to physicochemical solubilisation 
methods. 

The process according to the invention can also be 
employed for the purification of gases. For this purpose, 

45 the gas to be purified is advantageously passed into a 
scrubber of a known type, wherein the gas, for example 
in counter-current, is brought into contact with a wash 
liquor. A suitable type of gas scrubber is an appliance 
comprising a trickling bed. The wash liquor is formed by 

so a solution in water of the complex of transition metal and 
polyamine which is admixed, continuously or at inter- 
vals, with hydrogen peroxide. The wash liquor can 
advantageously be recirculated. The wash liquor may, if 
required, contain an auxiliary solvent such as a deter- 

55 gent which increases the solubility of the compounds to 
be removed in the aqueous phase. Suitable solvents 
can be employed, for example, in a concentration of 5- 
25 mmol/l. Impurities which can thus be removed from 
gas streams are, for example, lower alcohols and vola- 
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tile aromatic compounds such as ethytbenzene and 
xylenes. Equally, membranes contaminated wfth 
organic compounds can be cleansed by means of the 
process according to the invention. 

Example I 

Various spent textile dye baths, indicated as A, B and C. 
were treated, over a period of 24 hours at pH 7 and 
50°C, with hydrogen peroxide and iron chloride/trimeth- 
yttriazonane complex (ratio H 2 0 2 :complex 6000:1). The 
CODs of the dye baths A. B and C were, respectively, 33 
g/l, 31 g/l and 31.5 g/l. In each case, diluted samples 
were used. 

Figures la,b,c depict the absorbances of samples 
of A, B and C, respectively, over the wavelength region 
of 400-700 run at the start (t=0, top line) and after 24 
hours (bottom line). 

Example II 



3. Process according to Claim 1 or 2, wherein a molar 
ratio of transition metal to peroxide of 1:100 - 
1:10,000 is employed. 

5 4. Process according to any one of Claims 1-3, 
wherein a concentration of transition metal of 0.1-2 
mmol/l is used. 

5. Process according to any one of Claims 1-4, 
io wherein the peroxide is hydrogen peroxide. 

6. Process according to Claim 5, wherein the hydro- 
gen peroxide is prepared electrocherrrically. 

15 7. Process according to any one of Claims 1-6, 
wherein the polyamine is a 1,4,7-triazonane. 

8. Process according to any one of Claims 1-7, 
wherein noxious compounds are removed from . 
20 water and the complex is immobilised on a support. 



The spent textile dye baths A and B according to Exam- 
ple I were likewise treated, over a period of 24 hours 
and at 5Q°C, with hydrogen peroxide and iron chloride/- 
trimethyltriazonane complex (6000:1), but at a pH of 
9.5. For purposes of comparison, the treatment was 
carried out with hydrogen peroxide, but without com- 
plex. 

Figure 2 depicts the absorbances of samples A 
(successively without and with complex) and B (the 
same) at a wavelength of 497 nm at t=0, t=2, t=8 and 
t=24 (hours). 

Example III 

A standard mixture of 16 polycyclic aromatic hydrocar- 
bons (16 EPA PAHs) was treated over a period of 24 
hours at pH 9.5 and 50°C, with hydrogen peroxide and 
iron chloride/trim ethyltriazonane complex (the ratio 
H 2 0 2 :PAH:complex was 100,000:300:1). Figure 3 
depicts the concentration of PAHs at the start (t=0, left- 
hand columns) and after 24 hours (right-hand columns) 
in ng/ml. The PAHs were measured by means of H PLC 
and fluorescence detector. The first columns relate to 
the total mixture, the following columns relate to, 
respectively, benzo[a]pyrene (b[a]p), pyrene (pyr), 
fluoranthene (flu) and benzo[a]anthracene (b[a]a). 

Claims 

1 . Process for removing noxious compounds from sol- 
ids, water or gas, by treatment with a complex of a 
transition metal in the presence of a peroxide, char- 
acterised in that the solid, the water or the gas is 
treated with a complex of a transition metal and an 
alkaline polyamine. 

2. Process according to Claim 1 , wherein the transi- 
tion metal is iron. 



9. Process according to any one of Claims 1-8, 
wherein noxious compounds are removed from a 
gas and the complex is contained in a recirculated 
wash liquor. 

10. Process according to any one of Claims 1-8, 
wherein noxious compounds are removed from 
water and/or soil and the water or the soil is also 
treated with microorganisms. 

11. Process according to any one of Claims 1-10, 
wherein said noxious compounds comprise hydro- 
carbons, halogen -substituted hydrocarbons, nitro- 
substituted hydrocarbons and/or organic dyes. 
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